KdpA seems to play only a minor role in K + uptake compared to the Ktr-type transporter (17).
proline, and glucosylglycerol (4, 5) . Despite an increasing amount of data on cellular 60 osmoregulation involving ion flux across the membrane, direct evidence for the involvement of 61 specific transporters in the cellular response to osmotic up-shock is lacking for photoautotrophic 62 organisms.
63
The cyanobacterium Synechocystis sp. PCC 6803 (hereafter referred to as Synechocystis) is a 64 frequently used unicellular photosynthetic prokaryote that can survive a wide range of 5 bacteria.
97
Osmoadaptation of the cells including cyanobacteria to external hyperosmotic shock entails 98 solute flux across the plasma membrane causing the sequential cell volume changes (4, 29) . 
MATERIALS AND METHODS

110
Cells and growth conditions. Synechocystis sp. PCC 6803 and mutant cells were grown at was spin-coated (500 rpm, 10 s) onto the glass preheated at 145°C for 10 s, baked at 65°C for 20 132 min and irradiated by UV light with photomask using the mask aligner to harden the 133 photo-exposed AWP. The resultant hydrogel cages on the glass were cleaned with deionized water.
134
Thickness of the hydrogel was 2-2.5 m. Then, the PDMS cover slip and the hydrogel cages on 135 the glass were connected by plasma treatment (plasma ion bombarder, PIB-10, Vacuum Device) were analyzed. In addition to the already described mutant ktrB (17, 18), we generated the 265 mutant kdpA, which is defective in the kdpA gene encoding the permease subunit of Kdp. The
266
Synechocystis KdpA shares 59% identity with E. coli KdpA. In addition, the double mutant, 267 ktrB/kdpA, was generated. In a first experiment, the survival of these cells toward harsh for 4 h, cells were then spotted onto plates with solid BG11 without sorbitol (Fig. 3A) . The 270 treatment strongly decreased the growth of both Ktr mutants, the ktrB strain and the 271 ktrB/kdpA strain, while the wild type grew well. Growth of the kdpA strain was better than 272 that of the other two mutants but less well than that of the wild type ( Fig. 3A ).
273
In a second experiment, the microfluidic device was used to evaluate changes in cell volume 
348
7A and Table 3 ). The genes ktrE and ktrB consist of the same cistron due to overlapping of the 349 stop codon of ktrE and the initiation codon of ktrB (18, 42) . The expression of ktrEB showed 350 circadian rhythm with the peak of 23.0 ± 0.5 h, almost consistent to that of kdpA (Table 3) . (Fig. 2) . The data in Tables 1 and 2 , and the in Fig. 2G experiments the plasma membrane could be separated from cell wall similarly to plasmolysis 415 seen in the plant cells, which may somehow decrease the total extent of cell shrinkage (50).
416
Under the experimental conditions used here, we cannot rule out these possible influences on the 417 exact measurement of the relative cell volumes.
418
To reveal a physiological function separate from osmo-acclimation of Kdp in Synechocystis, 419 we compared the growth rates of wild type, ktrB, and the double mutant kdpA/ktrB at 420 different external K + levels (Fig. 4) concentrations and the induction of the kdpABGCD operon under these conditions (Fig. 6B) 
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Each value is the mean and SD (n = 3 for empty vector, n = 10 for kdpABGCD, n = 4 for ktrABE). (Table 1) .
726
Diagram depicting biphasic cell volume changes of Synechocystis during hyperosmotic stress.
727
Transfer of cells from isotonic to hyperosmotic medium triggered efflux of water from the cells, Table 2 ). BG11medium containing 500 mM NaCl (salt stress) (C) or 400 mM sorbitol (osmotic stress) (D). Fig. 3C .
b The wild type data is shown as a control, and it is the same as the data shown in Table 1 .
c SD is shown in Fig. 3C , based on 5-8 cells. Cell shrinkage after the hyperosmotic shock, first phase of recovery (120-300 sec), and second phase of recovery (300-3,600 sec). The cell volume was calculated from the cell diameter using Image J as described in Materials and Methods. The relative cell volume at 0 seconds was set at 100% in each case. Error bars denote SD from at least 7 cells. The percentages in G correspond to the data obtained in standard BG11 for the different phases following hyperosmotic shock (Table 1) . Diagram depicting biphasic cell volume changes of Synechocystis during hyperosmotic stress. Transfer of cells from isotonic to hyperosmotic medium triggered efflux of water from the cells, resulting in reduction of cell volume. This quick adaptation occurred in the first phase of the cell recovery response in the K + -containing medium (BG11), but not in K + -depleted medium (K0). During the second phase of cell adaptation compatible solute biosynthesis and accumulation may have occurred, which induced more water influx and a cell volume recovery (4, 5). Arrows indicate the trend of volume changes. Table 2 ). or various mutant strains carrying P kdpA ::lacZ before (gray bars) or after (black bars) incubation in K + depleted medium for 24 h. The deletions present in the strains tested are indicated under the bars. +rre19 designates the reintroduction of rre19 under control of a constitutive promoter into the kdpA/hik20 background to control for a possible effect of the deletion of hik20 on rre19 expression. Results are means ± S.E.
A C
for three experiments.
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